Parkinsonism in both spouses has been reported in only 20 couples in the literature so far. Six of the studies included only one or two couples, but one study reported nine couples. Fifteen of the couples reported by others consisted of only clinical data. By contrast, our study of five couples had detailed clinical, pathological and genetic observation on all ten individuals. We found no evidence of person-to-person transmission of parkinsonism. Details of that study are provided in this review.
Background (Introduction)
Parkinson syndrome (PS) also known as parkinsonism is a clinical syndrome. It is characterized by the presence of at least two of the three symptoms -bradykinesia, rigidity and tremor [1] [2] [3] [4] . Several degenerative disorders are associated with PS 5 , the most common being Parkinson's disease (PD). PD is characterized by marked substantia nigra (SN) neuronal loss and Lewy body (LB) inclusion 1, 5, 6 . The next most common degenerative variants of PS are multiple system atrophy (MSA) and progressive supranuclear palsy (PSP) 5, 7 . Definite diagnosis of the degenerative PS variants is based on pathological findings 1, [8] [9] [10] . Several different gene mutations may manifest LB pathology similar to the PD11. Therefore, genetic testing adds to the understanding of PS pathophysiology 11, 12 .
Well-known secondary causes of PS includes encephalitis lethargica (1915) (1916) (1917) (1918) (1919) (1920) (1921) (1922) (1923) (1924) (1925) (1926) (1927) (1928) (1929) (1930) 13 , known as post-encephalitic parkinsonism (PEP) [13] [14] [15] . There have been no new cases of PEP after 1954 14 . Methylphenyl-tetrahydropyridine (MPTP), a synthetic narcotic, leads to SN damage resulting in parkinsonism 16 . Rotenone, another tonic, is known to produce parkinsonian pathology 17 . Neuroleptics and some other medications can produce drug induced parkinsonism (DIP). The DIP cases do not have any histological abnormality in the brain 18 . normal fetal nigral tissue, it is conceivable that PD may be transmitted from person-to-person [19] [20] [21] [22] . However, there is no literature indicating such transmission from person-toperson. The mechanism of spread of the host PD pathology to normal fetal tissue transplant is not known 23 . It has been postulated that PD has some characteristics of prion disease [22] [23] [24] , and hence may be transmissible from personto-person.
Expected pathology in transmitted PS
Both PD and MSA have alpha-synuclein positive inclusions -neuronal inclusions in PD and glial inclusions in MSA. In vivo studies indicate that transmission of each of those produces pathology similar to that of the donor. Animals transplanted PD alpha-synuclein develop PD pathology, while MSA transplants develop MSA-like pathology 25 . Hence, if either of those were transmitted from one person to another individual, the pathology in the host would be the same as in the donor.
Tau positive inclusions are seen in Alzheimer's disease (AD), corticobasal degeneration (CBD) and the PSP, but they all are different strains of tau protein. Each of those tau strains when transplanted in animals produce changes identical to the tau pathology in the donor 26 . Transmission of a tauopathy in human subjects is therefore expected to produce the same type of tauopathy in the recipient as in the donor.
Married or otherwise cohabitating couples that have the most intimate personal contact offer unique opportunity to study person-to-person transmission of PS.
Optimal study to determine person-to-person transmission
Errors in clinical diagnosis of PS variants are well known 1, 9, 10 . Functional imaging studies to determine the integrity of the SN are valuable but they cannot distinguish between PD and other PS variants with more widespread pathology 27, 28 . Additionally, the findings of functional imaging studies have not yet been confirmed with pathological evidence 10, 29 . Neuropathology remains the gold standard for diagnosis of degenerative variants of PS 30 . Recent advances in genetics show that several genetic mutations can produce PD like pathology 11 . Therefore detailed clinical, pathological and genetic studies of each spouse are needed to determine person-to-person transmission.
Literature on conjugal PS
There is very limited literature on conjugal PS and most of it consists of clinical case reports of one or two couples [31] [32] [33] [34] [35] [36] . Strang 32 reported two conjugal PS couples from Sweden. The wife in the first couple had a strong family history of Parkinson's disease but the husband had sporadic PD. Both spouses in the second couple had history of encephalitis and a diagnosis of PEP. Thus, these four cases had three different causes -genetic, sporadic, and post-encephalitic PS 32 . The author concluded that the PS in these couples was "purely by chance". Counihan 34 reported one PS couple but provided no details. Miwa and Kondo 33 reported one PS couple; the wife was clinically diagnosed as PD, and the husband had a clinical diagnosis of MSA. Ramani et al 35 reported one PS couple. The husband had diagnosis of PD and the wife was clinically diagnosed as dementia with LB.
The largest series was reported by Willis et al 31 . This study included nine PS couples. The average married life before onset of PS was 40 years. All except one of the 18 cases in the study were clinically diagnosed as PD. They provided clinical details, occupation and analysis of common environmental exposure to pesticides and chemicals. Because the dates of onset in their cases 31 were widely separated, they concluded that common environmental cause did not account for the PS in these couples.
None of the above noted 15 couples had pathological verification of the PS variants or genetic analysis [31] [32] [33] [34] [35] .
Rajput et al 36 identified eleven conjugal PS couples from their clinic and published the most detailed clinical, pathological and genetic study in five married couples. They excluded two couples where only one spouse came to autopsy and four couples where neither spouse has come to autopsy. That study was restricted to five couples where both spouses came to autopsy and had genetic studies.
Saskatchewan Movement Disorders Program (SMDP)
is a fully integrated specialized clinic and research set-up established in 1968. Every patient is seen at each visit by either or both movement disorders neurologists (AHR and AR) 37 . Special emphasis at the program is the longitudinal clinical follow-up and autopsy studies of those cases 38 . As a rule, the patients are seen at the MDCS at 6 to 12 month intervals. Videos are made on all consenting subjects. The patients seen at Movement Disorders Clinic Saskatchewan (MDCS) are offered a choice of autopsy study at no cost to family/estate. Autopsies are restricted to patients seen at MDCS 37 .
The final diagnosis is made by the treating neurologist based on all the available clinical and pathology information and where available genetic analysis. Details of the SMDP have been reported previously 37, 38 . Clinical records, videos, half frozen brain, remnants for formalin fixed brain, paraffin blocks and pathology slides are preserved in special laboratories ( Figure 2 ). This brain repository is different from "brain bank" as it includes only those patients that were looked after at the MDCS. 553 autopsies have been so far performed on the MDCS assessed cases -most had PS. This unique set-up permits studies of many important issues which cannot be adequately studied by other methods 1, 36, [38] [39] [40] . De-identified brain material is provided free of charge to research collaborators at major institutions around the world [41] [42] [43] [44] .
All 10 conjugal PS cases reported 36 had video recordings made (see video). None of the couples were consanguineous or lived in the same close community during early age. Mean age of PS onset was 70.8 (60-80) years. Mean duration of marriage when the first spouse manifested PS was 44 (32-55) years. Details of cases are reported in Table 1 .
Genetic studies were performed in the laboratory of Dr. M. Farrer at the University of British Columbia, Canada 36 . All subjects were screened for SNCA missense mutation and copy number variants, DNAJC13, LRRK2, SCA 2, 3, 12 and 17 nucleotides 36, 42 . Only one individual -the male in couple #1 -had a genetic mutation. He had the LRRK2 p.G2019S mutation and has a strong family history of that mutation. 
F1
Housewife Onset at age 72 as balance difficulty with tendency to fall backwards. She was treated elsewhere with levodopa. First examined at age 80 when on levodopa. She reported subjective benefit. There was no WO, OO, or Dys. Her MMSE score was 30/30. She had square-wave jerks on forward gaze and slowed horizontal pursuit. Her motor profile was akinetic-rigid and overall disability was at Stage 4 H&Y. At age 82 she had dysphagia and needed care, had supranuclear ophthalmoplegia and she was at Stage 5 H&Y. Her MMSE was 30/30. Clinical diagnosis was PSP. Age at death was 85.
PSP

Alpha-synuclein stainnegative
M1
Farmer/Truck driver He had onset of right upper limb tremor at age 78. Examination at age 79 while on no drugs revealed mild parkinsonian features and was rated at Stage 2 H&Y. At age 84 he was started on levodopa which did not benefit and he discontinued on his own. At age 85 he was on no medication. He never had adequate trial on LD. He had no ophthalmoplegia or dystonia. The clinical diagnosis was PD. He died at age 85. (He had LRRK2 mutation. His 3 nieces also have LRRK2 mutation and PS. One of them came to autopsy with PD findings.)
Tauopathy -mild consistent with PSP and CBD features.
Alpha synuclein staining was negative. 
Final diagnosis and its significances to shared pathogenesis
In two couples (#3 and #4) each spouse had PD. The wife in couple #3 had strong family history of PD though genetic basis was not identified, but other three cases were sporadic. In couple #1, both spouses had tauopathy. However, the husband had a genetic basis -LRRK2 mutation tauopathy and a strong family history of the same mutation. The wife had clinical picture of PSP and neuropathology verification of that diagnosis. In couple #2, the wife had unclassified tauopathy but the husband had PD. In couple #5, the wife had MSA and the husband had PD. Table 2 shows the sequence of PS manifestation in these couples and the calendar year of onset in each case. The earliest PS onset was in 1976 and the most recent was in 2004. Although some cases had neurofibrillary tangle pathology none had a history or the clinical profile of PEP. There have been no new cases of PEP since 1954, and none of these cases 36 fall in that category 14 .
The final diagnosis of degenerative variant is based on pathological findings. Table 3 shows main distinguishing features of three major PS variants -PD, PSP, and MSA observed in these five couples.
Based on the observation in these five couples, we will consider the etiological link of PS in the spouses.
Was PS transmitted from one partner to the other due to sexual or close social contact?
The transmission of PS from one partner to the other would produce the same pathology as in the donor 25, 26 . It can be assumed that the spouse manifesting PS the earliest is the primary case that transmitted the disease to the other spouse. Table 2 shows that unclassified tauopathy of the wife in couple #2 did not produce the same pathology in the husband who had PD. In couple #5 the husband manifested PD the earliest, but the wife had MSA. In couple #1 the etiological basis of tauopathy was different -genetic in male and sporadic PSP in the female. In couple #3, both spouses had PD. The onset was separated by 20 years, and the wife had a strong family history of PD while the husband had sporadic PD. Thus, neither the tauopathy (couple #2) nor the PD (couple #5) was transmitted to the partners. These data indicate that neither of the common PS variants -PD, tauopathy, PSP, or MSA, was transmitted from one spouse to the other. 
Couple # Order of spouse to develop PS Calendar year of onset
Genetic consideration
Only one patient (male, couple #1) had tauopathy consequent to LRRK2 mutation and strong family history of that, thus excluding genetic basis of conjugal PS. Future genetic developments may add to our knowledge.
Shared environments
In four of the five couples the PS onset was within three years. However if the shared environments produced PS, we would have expected the same disease process in both spouses -that was not the case in these couples. In Couple #3 where both spouses had PD if shared environments was the cause, one would have expected a closer calendar year of onset. We can therefore exclude shared environmental basis of PS. The same conclusion was made by others who studied shared environments in more detail 31 .
Incidental PS
The final and the most likely explanation, is that these are incidental PS cases that happened to be married to each other. Similar conclusion was reached in another conjugal case report 32 . Parkinsonism is a common disorder in later age. The age specific incidence of PS rises remarkably with advancing age and the cumulative risk of developing parkinsonism in those 60 years and older is 4% 45 .
In summary, conjugal PS in non-consanguineous couples is a chance occurrence -it is neither transmitted from one partner to the other nor is it caused by shared environment.
